Introduction
Neutron scattering lengths and absorption cross sections are important quantities for the interpretation of slow neutrons scattering experiments, which are common methods for fundamental research in physics and other disciplines, for instance for the investigation of the structure and dynamics of condensed matter. In most cases accurate and reliable values are needed as input data not only for elements but also for separated isotopes.
In this paper we report on more exact measurements of coherent scattering lengths bcoh(E0) at almost zero energy E0 and total cross sections a^iE^ at various energies E^ The scattering lengths and the total cross sections were measured for Co-compounds and for natural Sn and its isotopes. These data form a complete set of input parameters necessary for the evaluation of the nuclear potential scattering radii. This evaluation has fundamental interest for the checking of nuclear optical models. Moreover, new bound levels were fitted, which complete the cornReprint requests to Dr. W. Waschkowski, Fax: 089 3209 2162.
piled resonance parameters from [1] and which describe totally the neutron-nucleus interaction over a wide range of neutron energy.
Basic relations and method of calculations
One of the aims of the present work is the evaluation of the neutron-nucleus strong interaction scattering radii R'{j) for Co and the stable isotopes j of Sn, and the corresponding bound level parameters (resonance energy Er(j) and neutron width rm(J). These parameters were connected with the directly measured values of the neutron total cross sections <7t The total cross section of a separated isotope can be composed as:
where cr^a lc (j, E t ) is the scattering cross section calculated from the S-matrix formalism, cr abs (j, E t ) the absorption term and cr LS 0, E t ) and <J sol (j, Ei) are small contributions from spin orbital (Schwinger) scattering and solid-state effect cross sections, taken from [2] .
At low energies it is quite sufficient to perform calculations only for s-partial wave total cross sections, so <r tot (j, Ei) were taken from [2] as
where k x is the neutron wave number and 6(J, E t ) the total s-wave scattering phase shift, consisting here of strong and neutron electron terms:
where Z(J) and A(J) denote the nuclear charge and the atomic number of isotope j, respectively. The angular averaged atomic formfactor F(J, Ei) and the nuclear charge formfactor H(J, E t ) were taken from [2] .
For the neutron-electron scattering length, the numerical value & ne = -1.32 • 10~3 fm, obtained in Garching, was assumed as having the best experimental confirmation (e. g. [3] , [4] ).
The statistical weighted resonance sums are given as
where g±(J) denotes the spin statistical factors of the j-th isotope with the nuclear spin I(j):
At 
The summation in (2.8) and (2.9) must be carried out over all resolved resonance states of the compound nucleus with defined spin value (E + for J = / + 1/2 and E~ for J = / -1/2) for each isotope j. The resonance energy E T , reduced neutron width r n°r = r nr /\fE x , gamma-absorption width r iT and compound spin J were inserted in (2.8) and (2.9) as listed in [1 ] . For the used isotopes it is not necessary to take into account the small contribution of unresolved resonances at high energies. In order to determine the contribution from bound levels (at negative energies), in our case it is possible to combine all bound levels with the same spin state to a single Active level, defined by a fit.
As the bound coherent scattering lengths were measured at almost zero energy (E 0 = 0.553 meV), it is possible to express them via the real part of the total scattering amplitude at the same energy as follows: and Re f ± (J, EQ) is according to [2] given as
Re/±o',£o)= 2jr((i -E?)sin2$o\3>) 2 12 -Ef cos 26(j,E 0 )).
From (2.10) the already mentioned condition for the minimization procedure can be deduced:
(2.13)
k T and k 0 are the neutron wave numbers at the energies E r and E 0 .
In this case the bound level parameters must also satisfy the equation for absorption:
The simultaneous minimizations of (2.1), (2.13) and (2.16) have given the values of <r t c 0 a t lc (£i), E r ) and &coh0\ Ei), and this set is in very good agreement with the corresponding measured values. Therefore the strong interaction scattering radii R'(J) and the bound level parameters E r (J) and -T nr (j), evaluated for each isotope from this input set, can be considered as rather reliable.
Experiment

Methods
All measurements were performed at the FRM reactor (open pool, 4 MW thermal power) of the Technical Universtiy of Munich. Coherent scattering lengths were measured using the Christiansen filter technique in a small angle scattering device which works with very slow neutrons of mean energy 0.553 meV. Figure 1 shows the experimental set-up. The filter consisted of a homogeneous mixture of a powder When the scattering densities of the powder (Nb) p and that of a mixture of liquids (M>) L became equal, the small angle scattering vanished totally, except a small residual scattering rate po, which can be explained by some inhomogeneities from grain to grain. The residual has nearly no influence on the accuracy of the balance scattering density. In detail the experimental technique is described in [5] , and the revised data handling in [6] .
Two typical scattering curves are presented in Fig. 2 as small-angle scattering rates versus scattering density of the liquid fillings. The physical data of the powder samples and the measured coherent scattering lengths at energy E 0 are compiled in Table 1 for Co-compounds and the natural Sn0 2 -oxides and in Table 2 for the isotopically enriched Sn0 2 -oxides.
Total transmission cross sections cr t e 0 x t p were determined using the slow neutrons of the same small angle scattering device for transmission measurements on solid or powdered samples. In this case the small angle scattering from the target was eliminated by a special arrangement of the target at a position from which all forward scattered neutrons hit the neutron detector (for details see [7] ).
The energy selectivity was obtained by quasicontinuously working resonance activation detectors (Rh at 1.26 eV; Ag at 5.19 eV). For a description of this technique and the data reduction process we refer to [8] ,
The mono-energetic neutrons of 18.6 eV and 128 eV were separated in a tangential tube by resonance scattering on targets of W-and Co-foils, respectively (see [9] ).
Substances
The Christiansen filter measurements required crystalline powder samples of natural or isotopically enriched compounds. Compounds had to be taken, because metallic powders may have an undefined oxidation. The sample densities were measured pycnometrically with C 2 C1 4 and C 7 H 8 as reference liquids.
The density values given in Table 1 The densities of the isotopically enriched SnO-,, listed in Table 2 , agree well with the data deduced 
Results
Scattering Lengths
The obtained coherent scattering lengths of the bound atoms are listed for the natural elements in the last column of Table 1 and for the separated Snisotopes in Table 3 . For the deduction the following scattering lengths of the compound elements were used: 6(0) = 5.805(4) fm [12] , &(F) = 5.654(12) fm [12] , &(C1) = 9.5792(8) fm [13] , b(S) = 2.847(1) fm [14] , 6(Ti) = -3.370(13) fm [15] ,
The average values of the scattering lengths in comparison with the literature are as follows:
Co: The obtained 6(Co) = 2.49(2) fm agrees well with the value b(Co) = 2.53(5) fm [16] from neutron interferometry and also with 6(Co) = 2.50(3) fm [ 17] deduced from earlier Christiansen filter measurements without any water corrections. (4) a) all samples are dried in air; b) p 0 = small residual scattering rate from sample inhomogeneities. From new bound level fits, being compiled in Table 8, the spin state scattering lengths b ± were calculated and resulted in b + -b_ = -12.79(5) fm, which is more accurate than the literature value and can be compared with the directly measured b + -b_ = -12.5(4) fm (Glättli [19] ) and with -13.8(5) fm (Schermer [20] ). The spin state scattering lengths lead to a bound spin incoherent cross section of cr inc (sp) = 
Sn:
For natural tin, 6(Sn) = 6.22(1) fm was obtained, which agrees well with the very precise gravity refractometer value b(Sn) = 6.225(2) fm [18] . The results on enriched Sn0 2 -samples are shown in Table 2 , from which the coherent scattering lengths of the single isotopes are deduced in Table 3 . They are much Table 8 ) result in a spin incoherence of <r inc (sp) = 0.001 (1) b for natural Sn, so that the total incoherence becomes <r inc = 0.008 (14) b, which can be compared with <r inc = 0.022(5) b from [ 1 ].
Total Cross Sections
The results of total cross section measurements at EQ = 0.553 meV are compiled for metallic Sn-samples in Table 4 and for natural and enriched Sn-oxides in Table 5 . The average value for natural Sn at thermal neutron energy (using the 1 l\[E law for the small extrapolation) in solids becomes a^ = 0.569(5) b and agrees well with powders a = 0.550(30) b. The reason for the different value to cr 1 = 0.626 (9) 
The absorptions of the single isotopes are given in Table 6 ; weighted with the abundance, they lead for natural Sn to a = 0.59(5) b. Because of the big standard deviation, that value agrees with corresponding other values. The absorption, being calculated with the new bound level fit of Table 8 , is practically identical with the measured ones, as shown in the last column of Table 6 for each isotope.
The results of total cross section measurements in the eV-energy region on metallic samples are compiled in Table 7 . (The available quantities of enriched samples were not big enough for such transmission measurements.) The S-matrix calculations using the bound level fits reproduce the measured total cross sections at the energies E x very well, supprisingly even in case of E x -128 eV for Sn which has several resonances close by. A small difference at 5.19 eV is explainable by the experimental technique implying an overlap of secondary resonance effects of the used silver detector with resonances of Sn.
Bound Level Parameters
The sets of bound level fits obtained from the minimization of (2.1), (2.13) and (2.16), are compiled in Table 8 . These fits describe completely and consistently all parameters of the low energy interaction of neutrons with the concerned nuclei.
In some cases the new bound levels differ remarkably from the data in [1], which are also presented in Table 8 in parenthesis. 
Potential Radii
The relation between the obtained potential radii of strong interaction R'(j) and the mass number A(J) is shown in Figure 3 . The values lie very close to the prediction of optical model curve being transfered from [ 1J into that graph, except R' obtained for A(J) = 120. This finding is not surprising; it can be explained by the effect of closed shells in nuclei. This idea will be the subject of a future investigation over a more expanded mass region for a more realistic optical model which takes account of the nuclear size dip at magic numbers.
Conclusion
The measurements, presented in this paper, give more accurate data to describe the interaction of slow neutrons with Cobalt and Tin and it's isotopes in the region from zero up to eV energies. The new data sets became homogenious and consistent by new bound level fits which allowed a rather exact determination of the difference between statistically weighted total lengths b + (J, E 0 ) -b_(J, E 0 ) and the nuclear potential scattering radii R'(j). This finding makes the data sets very reliable. The set of parameters such as evaluated in the present work, but for a wider mass region, would give a possibility to design a very realistic optical potential.
